fMRI Object recognition Event perception Auditory Visual a b s t r a c t Environmental events produce many sensory cues for identifying the action that evoked the event, the agent that performed the action, and the object targeted by the action. The cues for identifying environmental events are usually distributed across multiple sensory systems. Thus, to understand how environmental events are recognized requires an understanding of the fundamental cognitive and neural processes involved in multisensory object and action recognition. Here, we investigated the neural substrates involved in auditory and visual recognition of object-directed actions. Consistent with previous work on visual recognition of isolated objects, visual recognition of actions, and recognition of environmental sounds, we found evidence for multisensory audiovisual event-selective activation bilaterally at the junction of the posterior middle temporal gyrus and the lateral occipital cortex, the left superior temporal sulcus, and bilaterally in the intraparietal sulcus. The results suggest that recognition of events through convergence of visual and auditory cues is accomplished through a network of brain regions that was previously implicated only in visual recognition of action.
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Recognizing events in a real environment is inherently multisensory (De Gelder & Bertelson, 2003; Gaver, 1993) . Environmental events unfold over time and involve actions -either self-generated transitive movements of objects or object-generated movements (such as a human walking). In both cases, recognizing the object involved in the event is an important step toward understanding the event. Environmental events produce many sensory cues for identifying the objects and the actions involved in those events. The cues for recognizing objects and actions are usually distributed across multiple sensory systems. Thus, to understand how environmental events are recognized requires an understanding of the fundamental cognitive and neural processes involved in multisensory object and action recognition. Here, we investigated the neural substrates involved in audiovisual recognition of object-directed actions.
Although objects can be recognized without visual cues, a majority of work on the neural substrates of object recognition has been done using unisensory, visual presentation of familiar objects. A group of regions in the human brain that are selectively involved in object recognition are collectively known as the lateral occipital complex (LOC), which is a large area of cortex in the lateral and ventral occipito-temporal region (Grill-Spector, Kourtzi, & * Corresponding author at: 1101 E Tenth St, Bloomington, IN 47405, United States.
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E-mail address: thwjames@indiana.edu (T.W. James). Kanwisher, 2001; James, Culham, Humphrey, Milner, & Goodale, 2003; Malach et al., 1995) . Activation in LOC is often defined as object-selective, that is, it is activated more with intact pictures of objects than with other classes of visual stimuli (Grill-Spector et al., 2001; Malach et al., 1995) . Damage to the LOC causes impairments in object recognition, resulting in visual agnosia (James et al., 2003) . A typical fMRI study of visual object recognition uses static pictures of isolated objects as stimuli. This type of stimulus provides ample information for object recognition, but is impoverished with respect to the information needed for event recognition. With studies of visual action recognition, the tasks are focused on the event instead of the object; therefore, studies of action must use stimuli that unfold over time (dynamic stimuli). Studies of action recognition often use stimuli involving moving human bodies, hands, or faces and sometimes use stimuli involving human bodies or hands manipulating other objects. fMRI studies investigating the neural substrates of visual action recognition consistently find a network of brain regions that includes Broca's area (inferior frontal gyrus), several regions in the parietal lobe, including the intraparietal sulcus, the posterior middle temporal gyrus (pMTG), and superior temporal sulcus (pSTS, Caspers, Zilles, Laird, & Eickhoff, 2010) . In the posterior temporal lobe, the pSTS is more selective for human actions (Beauchamp & Martin, 2007; Grossman & Blake, 2002; Puce & Perrett, 2003) , whereas the pMTG is more selective for actions performed on other objects (Beauchamp & Martin, 2007; Valyear & Culham, 2010) . The involvement of pMTG in action recognition, and especially recognition of actions involving non-human objects,
